Immunizations In The United States: Success, Structure, And Stress
A complex collaboration involving government, industry, providers, academe, professional societies, and third-party payers.
by Walter A. Orenstein, R. Gordon Douglas, Lance E. Rodewald, and Alan R. Hinman ABSTRACT: Immunization is a great success of preventive medicine. In the United States, most vaccine-preventable diseases of childhood are at or near record lows while the number of diseases preventable by vaccination has increased. These successes result from a comprehensive system that includes basic research; developing and testing vaccine candidates; a manufacturing base; a regulatory authority; development of immunization policies; implementation of immunization recommendations; and a compensation system for the few people unavoidably injured by vaccines. Despite the successes, the system faces numerous challenges, including vaccine supply, cost, and safety; adult immunization; vaccine research and development; and biopreparedness. F e w m e a s u r e s i n p r e v e n t i v e m e d i c i n e can compare with the impact of vaccines. 1 Smallpox has been eradicated; polio is on the verge of eradication; and measles has been controlled or eliminated in numerous countries around the world. The impact of vaccination has been dramatic in the United States.
2 Exhibit 1 shows representative annual morbidity during the twentieth century for many of the vaccine-preventable diseases of childhood, most often in the years prior to vaccine availability, compared with reports of these diseases in 2004 . All have been reduced by at least 87 percent, and most, by 99 percent or more. Sizable reductions in disease incidence also have been seen for three diseases that have become vaccine-preventable among young children in the past ten years: varicella (chickenpox), hepatitis A, and pneumococcal disease. Mortality from varicella among children ages 1-4 years declined 92 percent. 3 Invasive pneumococcal disease declined by 69 percent among young children. 4 Racial disparities in the burden of invasive pneumococcal disease were reduced markedly after the introduction of pneumococcal conjugate vaccine (PCV7). 5 These disease reductions are associated with record or near-record highs in immunization levels among young children. The 2003 National Immunization Survey (NIS) reported that immunization rates of children ages 19-35 months were 90 percent or higher for most universally recommended vaccines. 6 School and day care laws in each state requiring vaccination have been associated with elimination of many vaccine-preventable diseases in those settings. 7 In 2001, Ashley Coffield and colleagues ranked thirty clinical preventive services based on clinically preventable burden and cost-effectiveness. 8 Childhood immunization was the only service that received the maximum score. Most vaccines in use today are cost-saving to society. Fangjun Zhou and colleagues recently estimated that for every dollar invested in childhood vaccination against nine vaccine-preventable diseases, $5.80 was saved in direct medical care costs. Further, when indirect benefits were taken into account, such as time off from work to care for ill children, the amount saved rose to $17.70. 9 The number of infectious diseases preventable by universal vaccination has risen since 1984, when children were routinely vaccinated against seven diseases (diphtheria, measles, mumps, pertussis, poliomyelitis, rubella, and tetanus). I n f r a s t r u c t u r e EXHIBIT coccal disease, and varicella). Children also are protected against hepatitis A through immunization in areas that have high rates of hepatitis A.
To maintain the present successes, meet the challenges to the current system, and develop more vaccines, it is important to understand the current vaccine system and its strengths and vulnerabilities.
Vaccination In The United States
The components of the U.S. vaccine system include vaccine discovery, development, manufacture, and distribution; regulation of vaccine development, production, and distribution; and development and implementation of vaccine use policies. Participants include federal, state, and local governments; vaccine companies; academe; medical societies; health care professionals; and insurers (Exhibit 2).
n Health burden determination. New vaccines start with the recognition of an infectious disease burden worth preventing. 10 Estimation of disease burden often comes from disease surveillance and studies supported by the U.S. Centers for Disease Control and Prevention (CDC) and the National Institutes of Health (NIH).
n Vaccine research and development. Basic research regarding pathogens and immune responses is supported primarily by the NIH and performed at universities, the NIH, other government agencies, and biotech companies. 11 Research ranges from fundamental new knowledge in laboratories not seeking vaccine discoveries to targeted research concerning a pathogen, its pathogenesis and mode of acquisition, and cellular and humoral immune responses to its antigens in animal infections. Understanding the correlates and mechanisms of immune protection greatly increases the ability to develop a vaccine. Animal studies help in evaluating dosing and schedules. Out of a vaccine discovery program come potential vaccine strategies to test.
Prelicensure human studies are divided into three phases. Phase I studies, which are generally considered part of vaccine discovery, typically involve twenty to eighty vaccinees. 12 Such trials usually start with adults and then move to groups likely to be the target populations for vaccines, such as young children. A decision to begin vaccine development is made when a candidate achieves promising results in preclinical and Phase I studies. Development continues until such a candidate vaccine is licensed for use by the appropriate regulatory body. 13 Phase II trials involve up to several hundred vaccinees and can be divided into two types. Once preliminary safety and immunogenicity are demonstrated in Phase I, a Phase IIa study can be undertaken to gain further information by evaluating greater numbers of individuals. At this time the product must be defined, the process for manufacture determined, assays for release of a satisfactory product established, and the most appropriate immunological assays for clinical specimens agreed on. Larger Phase IIb trials can be used to obtain more information on dose and dose interval and on safety and immunogenicity among subjects for whom the vaccine might be recommended. Some Phase IIb trials are large enough to determine whether a vaccine is effective. However, the estimate of efficacy is usually imprecise, requiring more definitive trials.
Candidate vaccines that have been shown to be safe and immunogenic in Phase II studies can advance to the pivotal studies required for licensure. These large randomized, double-blind, placebo-controlled Phase III trials, which may enroll up to tens of thousands, usually measure the reduction in incidence of clinical disease among vaccine recipients compared with placebo recipients (vaccine efficacy). Many Phase III trials also attempt to determine an immunologic response, such as a serum antibody level, that correlates with protection from disease. This allows subsequent studies to measure an immune response, not protection from disease, which facilitates testing of the vaccine in various population subgroups. Phase III trials also allow the most methodologically rigorous evaluations of vaccine safety for common events, by comparing vaccine and placebo recipients.
Before Phase III studies can start, technology must be transferred from a research laboratory making small lots of doses to the final site of vaccine manufacture of full-scale lots (10,000-20,000 doses or more) in a facility complying with current Good Manufacturing Practices (cGMP).
14 This transfer includes both process and analytical procedures. Vaccine development requires extensive teamwork with shared goals, excellent project management so that all are aware of goals and timelines, and a champion to push the project along.
Although vaccine development is primarily a responsibility of industry, much of the clinical testing is performed at academic medical centers (AMCs) and supported by industry funds. Government, particularly the NIH, plays a major role in vaccine evaluation by supporting vaccine trial networks of research centers around the world.
n Vaccine production and distribution. Vaccine production is a costly, rigidly controlled series of processes performed in facilities that meet cGMP standards. Licensure of both the manufacturing plant and the product is required to sell a vaccine in the United States. The cGMP regulations involve the plant, equipment, and procedures and are designed to assure that vaccine is as safe as possible. Compliance requires substantial investments over time. The plant is built for a particular vaccine; its design is determined by the production processes involved. Since the end product of vaccine production cannot be measured with chemical precision, the processes by which the vaccine is made are required to meet certain specifications. These are designed and validated by the manufacturer and approved by the U.S. Food and Drug Administration (FDA). They measure progress at each step of the manufacturing process: protein content, viral infectivity, bacterial contamination, and endotoxin content. Samples of each manufactured lot must be submitted to the FDA for approval before they can be sold.
Vaccine production and distribution are almost exclusively the responsibility of vaccine companies and private distributors. As of 2004 there were only five major commercial manufacturers of vaccines that are widely used in the United States: Sanofi Pasteur, Chiron, GlaxoSmithKline, Merck Vaccine Division, and Wyeth Vaccines. Although the number of recommended vaccines has increased in the past two decades, the number of commercial manufacturers in 2004 was the same as in 1983. The actual producers have changed since 1983 as a result of acquisitions, mergers, some companies dropping out of the market, and some new companies entering. Vaccine companies distribute vaccines directly to end users, through private commercial distributors, or through state distributors.
n Regulation. The FDA has responsibility for assuring that licensed vaccines are safe and effective. The agency reviews the safety and effectiveness of the vaccine, as well as information on the production facility and processes. It approves the labeling for a vaccine, including indications, contraindications, and precautions. It monitors vaccine production and distribution for licensed products with inspections of plants; evaluation of production processes; manufacturers' compliance with cGMP; and testing for purity, potency, and absence of contaminants. The FDA establishes criteria for release of vaccine and has the authority to recall vaccines because of problems with safety or effectiveness.
n Vaccine policy. Recommendations for vaccine use are primarily determined by the CDC through its Advisory Committee on Immunization Practices (ACIP) and by professional societies. The recommended schedule of vaccines for children and adolescents represents a collaboration of the ACIP, the American Academy of Family Physicians (AAFP), and the American Academy of Pediatrics (AAP). 15 The ACIP issues an adult immunization schedule, endorsed by many provider organizations. 16 Vaccine
n Vaccine financing. U.S. vaccine financing is a joint responsibility of the private and public sectors. The system for childhood vaccination is different from the system for adults. Approximately 43 percent of childhood vaccines are purchased in the private sector. Most of these are purchased by individual providers who are then reimbursed by third-party payers.
Based on 2002 data, approximately 57 percent of vaccines recommended for children were purchased through a federal contract. 17 Most of the funds come from a federal entitlement, the Vaccines for Children (VFC) program. VFC covers vaccines for children on Medicaid or without health insurance, and American Indians/Alaska Natives. 18 Children who have insurance that does not cover immunizations can also receive VFC vaccines but only at a federally qualified health center (FQHC). Vaccines purchased through VFC are supplied to state and local health departments, which distribute the vaccine to participating providers. The remainder of public-purchase funds comes from federal discretionary funds in the Section 317 grant program (approximately 11 percent of childhood vaccines purchased in 2002) and from state and local funds (5 percent of vaccines purchased in 2002). 19 The mechanisms for obtaining public funds differ greatly between VFC and other funding sources. The law establishing VFC authorizes the ACIP to decide which vaccines should be included and hence funded for eligible children without going through the traditional annual discretionary appropriations process by Congress. Vaccines can be incorporated into VFC if a federal contract with the manufacturer is negotiated and funds for the contract are approved by the Office of Management and Budget (OMB). In contrast with the VFC program, the Section 317 grant program requires an annual appropriation by Congress. While VFC-eligible children can automatically receive recommended vaccines, there is no guarantee for children who rely on discretionary funds. For example, when the PCV7 vaccine was licensed in 2000, a contract was negotiated and VFCeligible children began receiving that vaccine. However, because there was no increase in the 317 appropriation, nineteen states did not allow public-program access for children who were ineligible for VFC. Funds obtained through state appropriations also finance vaccines for some children but are subject to state discretionary appropriations. As of 2002, eight states purchased and provided all vaccines for all children. 20 States are allowed to use the federal contract to purchase vaccines with their own public funds. In the past, the federal contract usually secured discounts of about 50 percent below catalog prices. More recent contract prices have had smaller discounts.
There are no programs comparable to VFC for adults. Vaccines for adults are largely purchased in the private sector using a reimbursement model, in which the immunization provider purchases vaccine up front and bills the patient or a third-party payer, such as Medicare or an insurance plan. A replacement model (such as VFC) provides government-purchased vaccine to the provider, who administers it to eligible people. The public health sector has had only a minimal role in purchasing adult vaccines. Only about 5 percent of influenza vaccines for adults are purchased through the CDC's federal contract. 21 Although most vaccines are purchased by the private sector, substantial amounts of federal funds are used to reimburse those purchasers. For example, Medicare covers both influenza and pneumococcal polysaccharide vaccines for its beneficiaries.
n Vaccine administration. Vaccines are administered by private providers and public health clinics. According to the 2003 National Immunization Survey, 61 percent of vaccines administered to young children were administered exclusively in the private sector, 16 percent in the public sector, and 23 percent in a combination of the two or another type of provider, such as the military. 22 Data from the 2002 Behavioral Risk Factor Surveillance System (BRFSS) estimate that 32-58 percent of adults received their influenza vaccine in doctors' offices, 2-35 percent in the workplace, and 5-14 percent in alternative locations such as stores and pharmacies, depending on their age.
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Vaccine administration costs are financed by third-party payers, including Medicaid, Medicare, and private insurance. Reimbursement for vaccine administration is typically less than it costs to administer the vaccine. During the 1990s, payment for administration of children's vaccines was higher than that for adults, but beginning in 2005, Medicare providers will be reimbursed more than $18 per vaccine-more than any state pays for giving childhood vaccines. 24 n Monitoring vaccine use. Monitoring vaccine use includes a biologics surveillance system and various immunization coverage surveys. The CDC's biologics surveillance system collects voluntary reports from manufacturers of the number of doses they distribute. Data give an estimate of the number of doses that have been used, although some vaccine may have been wasted or discarded.
Vaccine use levels are measured by surveys. The NIS is a telephone survey that estimates the vaccination rates of children ages 19-35 months. 25 The NIS comprises seventy-eight independent surveys covering all fifty states and twentyeight major urban areas. More than one million telephone calls are made annually to yield responses from approximately 30,000 households with children in the appropriate age group. Responsible adults in the households are asked to identify health caregivers, who are then queried about each child's record. Responses are weighted on a number of factors, and attempts are made to correct for households without telephones. The NIS also collects information on sources of vaccination, vaccine safety beliefs, and other important topics.
States collect information on immunization coverage for licensed day care, school enterer, and school populations. 26 Coverage among school enterers is usually a census of all students in the schools.
During the past decade, extensive efforts have been made to develop a nationwide system of population-based immunization registries. When fully functional, these record every child immunization administered by any provider, determine immunization needs of individuals, remind parents and providers when immunizations are due, and measure immunization coverage. A Healthy People 2010 objective is to assure that 95 percent of children ages 0-6 years are enrolled in a population-based registry. Based on self-reported data from states, in 2002, registries contained immunization information on 43 percent of children. 27 Two surveys are used to estimate immunization coverage among adults. The National Health Interview Survey (NHIS), a national probability sample of households that are visited to collect data, is considered the "gold standard" but is too small to provide state-specific data. The BRFSS is a telephone survey conducted by states, which provides national and state-specific estimates of influenza and pneumococcal vaccine coverage.
n Monitoring effectiveness. The CDC is responsible for disease surveillance and evaluates whether vaccination is having the desired impact on disease occurrence. Most vaccine-preventable diseases are nationally notifiable. The Council of State and Territorial Epidemiologists reports to the CDC on the occurrence of specified diseases, usually including some demographic information and often including information on vaccination status, clinical signs and symptoms, and complications. The CDC analyzes the data to assess whether additional studies of vaccine effectiveness are warranted. The CDC also has sentinel surveillance systems that measure vaccine effectiveness for certain diseases such as varicella (or chickenpox) and diseases caused by encapsulated bacteria. 28 State health departments and the CDC also measure vaccine effectiveness during investigations of outbreaks of vaccinepreventable diseases and in special prospectively designed effectiveness studies.
n Monitoring safety. Postlicensure vaccine safety is evaluated through multiple means. (1) Manufacturers may conduct active surveillance of adverse events as part of Phase IV studies. (2) Passive reports of adverse events are collected by the FDA and the CDC in the Vaccine Adverse Event Reporting System. 29 This system is usually helpful in providing signals about whether a vaccine may be causing an adverse event but usually cannot determine whether vaccine caused the event. For that, special studies are frequently needed. (3) The CDC supports the Vaccine Safety Datalink (VSD), which contains the complete medical records of members of seven large health maintenance organizations (HMOs) around the country. 30 The VSD can be used to conduct epidemiologic studies to determine if the incidence rate of a given adverse event is higher among vaccinees than among nonvaccinees. (4) The CDC and the FDA may conduct special studies. For example, the CDC performed a large case-control study of intussusception, a form of intestinal blockage, to determine whether rotavirus vaccine was causing the problem.
31 (5) The CDC has formed the Clinical Immunization Safety Assessment Network, which reviews clinical patterns of syndromes after vaccination to determine unusual occurrences, sets the stage for special studies, and provides clinical guidelines for managing patients with suspected adverse events. 32 n Vaccine injury compensation and liability. Because most vaccine-preventable diseases are transmitted from person to person, when people are vaccinated they protect themselves as well as others. People who are indirectly protected include children too young for vaccination, people with contraindications to vaccination, those who fail to make an adequate immune response to vaccines, and those who are not vaccinated.
The National Vaccine Injury Compensation Program (VICP) was established in 1986 as recognition that society had an obligation to those injured by vaccines. 33 The VICP is a no-fault system funded by a seventy-five-cent excise tax on each dose of vaccine. People alleging vaccine injury must first file with the program. A vaccine injury table specifies conditions that are automatically eligible for compensation, with no need to prove causation. People alleging injuries that are not in the table must prove that vaccines actually were the cause. After going through the VICP, plaintiffs may accept the decisions and awards or reject them and enter the tort system. If an award is accepted, the plaintiff cannot sue the manufacturer or the vaccine provider.
There are loopholes in the VICP. For example, nothing prohibits parents of injured children from seeking compensation in the tort system for their pain and suffering. Despite loopholes, liability against manufacturers has been markedly reduced. 34 The VICP paid approximately $600 million for vaccines administered between 1988 and 2004; more than 98 percent of the awarded funds went to the claimant and approximately 2 percent for lawyers' fees. 35 Challenges To The Present Vaccine System n Vaccine supply. Since 2000 the United States has faced unprecedented supply disruptions. Vaccines against nine of the twelve vaccine-preventable diseases of childhood have been in short supply, requiring changes in the immunization schedule to reduce the number of doses children receive or prioritization of available vaccine to the groups at highest risk. 36 As of 2004 only four commercial companies produce vaccines for young children. Vaccines against seven vaccine-preventable diseases of childhood have only a single manufacturer. The fragility of the vaccine supply was illustrated in 2004 by the well-documented flu vaccine shortage. 37 n Vaccine cost. The cost of vaccines has increased greatly, as more are added to the schedule. The price of the recommended four doses of PCV is nearly equal to the cost of the rest of the childhood schedule. As of February 2005 the price for the recommended vaccines that children should have before entry to elementary school was $474 when purchased using the federal contract and $782 when purchased privately. 38 Unless financing challenges are addressed, many children may not receive the full benefits of these vaccines.
n Vaccine safety. Safety concerns, real and unsubstantiated, threaten the present system. After years of careful development, a rotavirus vaccine licensed in 1998 was withdrawn in 1999 when it was found to cause a rare but serious intestinal obstruction in 1 in 10,000 recipients. Also of concern are the numerous alleged vaccine safety concerns that are not supported by high-quality scientific evidence. Concerns about whole-cell pertussis vaccines, later shown to be unfounded, led to decreased pertussis vaccine coverage and to epidemics of whooping cough in the United Kingdom and Japan. 39 Allegations that vaccines cause autism, despite the great preponderance of scientific evidence against a causal relationship, threaten the industry base, because of substantial costs in defending against liability claims.
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n Adult immunization. Although the system has been highly successful protecting children, it has not been as successful protecting adults. This stems in part from the fact that most vaccines for adults, such as influenza vaccine or pneumococcal polysaccharide vaccine (PPV), while effective, are not as effective as other vaccines used in children. But more important is the failure of the vaccine delivery system to reach adult target populations. For example, although at least 90 percent of children ages 19-35 months receive recommended childhood vaccines, only 66 percent of people age sixty-five and older received an influenza vaccine in 2002. Receipt of PPV was slightly lower-62 percent. 41 n Vaccine research and development. Recent estimates of the cost to bring a new drug to licensure range from $110 million to $802 million (2000 dollars). 42 Such information is primarily based on drugs, but vaccines have similar costs, and newer vaccines are more expensive to bring through the developmental steps. The National Vaccine Advisory Committee (NVAC) reviewed five vaccines that required from two to twenty-one years from Phase I to licensure. 43 n Bioterrorism preparedness. With the realization that a number of infectious agents could become weapons comes the need to develop vaccines against them. Vaccines as countermeasures for biological weapons are difficult to develop, however, because they cannot be tested in humans for actual protection against the organism but must rely on surrogate markers that imply immunity. Also, the government is nearly the sole source of support for their development, since there is little, if any, commercial use for these vaccines.
T h e u. s . vac c i n e s ys t e m r e p r e s e n ts a complex collaboration involving government, the vaccine industry, health care providers, academe, professional societies, and third-party payers. This partnership has resulted in record-low levels of vaccine-preventable diseases among children and record-high levels of immunizations among children. While progress against vaccine-preventable diseases of adults is not nearly as great, substantial increases in rates of influenza and pneumococcal vaccines have occurred.
However, the system is fragile and needs improvement. The manufacturing base is limited, costs of developing vaccines have markedly increased, and regulatory compliance requires sizable ongoing investment. Short supplies of childhood vaccines highlight the fact that past successes cannot be taken for granted. Manufacturers must have adequate returns on their investments; providers must receive sufficient reimbursement for administering vaccines; resources must be available to effectively monitor vaccine use, effectiveness, and safety; loopholes in the liability protection afforded by the compensation program must be closed; and incentives need to be provided for developing new vaccines.
